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Comment on "The Lamb Shift and Ultra High Energy Cosmic Rays" and 
Comment on "Vacuum Polarization Energy Losses of High Energy 
Cosmic Rays" . 

Olivier Deligny 

'"L.P.N.H.E. Paris VI- VII, 4 place Jussieu, 75252 Paris, France 

The cosmic ray spectrum has been shown to extend well beyond lO'^^eV. With nearly 20 events observed in 
the last 40 years, it is now established that particles are accelerated or produced in the universe with energies 
near or above lO'^^eV. No nearby astrophysical object has been shown to correlate with the arrival directions of 
the highest energy events, yet the exponential cut-ofT in the high energy end of the spectrum one expects to see 
in the case of far sources is not visible. It was recently pointed out that the influence of the vacuum of quantum 
electrodynamics on particle propagation could explain qualitatively this mystery. This note is a critic to these 
ideas. 



1. Introduction 

The origin of Ultra High Energy Cosmic Rays 
observed on Earth is a long lasting mystery 
While the cosmic ray spectrum is now shown[5Q 
to extend beyond 10^°eV, mechanisms produc- 
ing or accelerating particles with energies near 
or above lO^^eV are still uncertain. The detec- 
tion of a large flux of events above SxlO^^eV 
is considered with great interest because of the 
absence of the Greisen-Zatsepin-Kuzmin (GZK) 
cut-off 0. This cut-off should be observed if cos- 
mic primaries are protons originating from cosmo- 
logically distributed sources. Above SxlO^^eV, 
on their way from the sources to Earth, cosmic 
ray protons loose their energy photo-producing 
pions against the cosmic microwave background 
(CMB). Therefore sources further than about 50 
Mpc away from Earth are not expected to con- 
tribute to the high energy end of the spectrum 
giving rise to the GZK cut-off. If sources are 
closer than 50 Mpc, protons of lO^'^eV should 
point toward them, however the present data does 
not indicate any correlation between arrival di- 
rection of these events and local distribution of 
galaxies and is mostly isotropic. Many ideas have 
been put forward in the literature to answer some 
of those problems, but the general opinion is that 



none of them are complety satisfactory. Recently, 



two papers 11 1 analysing the propagation of 
protons in vacuum and in the CMB claimed to 
qualitatively explain the absence of the GZK cut- 
off. After recalling a famous analogy between the 
dielectric properties of matter and the quantum 
electrodynamics vacuum, we discuss these ideas 
and demonstrate that one leads to (unexplicit!) 
Lorentz violation while the result of the semi- 
classical calculation of the other is not compatible 
with a proper QED treatment. 

2. Dielectric properties of matter 

When an external electric field is applied to 
a medium, the atomic electrons are shifted from 
their original equilibrium position in the field of 
the nuclei. Similarily if we introduce a negatively 
charged particle in this medium, atomic electrons 
will be pulled away and an excess of positive 
charges will surround the particle. Thus, the neg- 
ative charge is screened by the positive ones and 
the force felt by two charges introducted in the 
medium becomes 



where r is the distance between the two charges 
and e is the dielectric constant (e > 1). This de- 
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scription applies to distances greater than the in- 
teratomic distances. For smaller distances there 
is no screening. A unified definition was intro- 
duced by Landau|^ through the integral operator 
e(r), which approachs 1-1- for r small compared 
to the interatomic distance and the classical e at 
larger ones. 

3. Vacuum polarization 

The classical relativistic vacuum is Lorentz in- 
variant. It is a reference system for the descrip- 
tion of the motion as well as the propagation of 
the electromagnetic field. This vacuum is empty. 
This classical description was modified with the 
birth of statistical mechanics, and of course of 
quantum physics. From the statistical mechan- 
ics point of view, at non-zero temperature, the 
space is filled by blackbody radiation. In this ap- 
proach, extracting all matter in a region of space 
is not sufficient to turn it into vacuum : one must 
also bring the temperature down to zero. The 
quantum theory goes further and predicts that 
field fluctuations subsist even at zero tempera- 
ture. This is a consequence of the definition of 
the quantum vacuum and of the Heisenberg in- 
equalities. Vacuum is the state for which there is 
no field excitations but which still contains zero- 
point field fluctuations. These fluctuations have 
observable consequences as the spontaneous emis- 
sion of an isolated atom, the Lamb shift, or the 
Casimir force... 

It is instructive to consider the vacuum of quan- 
tum electrodynamics as a polarized medium un- 
der the effect of an external field, in order to un- 
derstand how this vacuum feels the application 
of this external field. This well known analogy is 
quite rigourous for the electric field even from the 
point of view of QED. We can think of this vac- 
uum as a stock of virtual particles which can have 
an existence during short periods of time accord- 
ing to the Heisenberg inequalities. Thus, when, 
for instance, a positive charge is introducted in 
this stock, polarization of the virtual pairs oc- 
curs : the virtual positrons are expelled from the 
positive charge whereas the virtual electrons are 
attracted by the charge. A positive vacuum sur- 
rounds the charge, and its bare value depends on 



the way it is measured, that is to say depends 
on the radius of the sphere we take around the 
charge to measure the surface value of the electric 
field. Again, screening occurs up to a distance r 
of the order of Ti/mc where m is the mass of the 
(screening) particle pairs. 

4. Can the vacuum accelerate a charged 
particle ? 

In his paper relating the Lamb shift and the 
propagation of protons in vacuum |]l0|, the author 
considers that the proton field must be coupled 
to the vacuum fluctuations. In order to describe 
the propagation of the proton in the QED vac- 
uum, fundamental fields are decomposed follow- 
ing their classical part and their quantum fluc- 
tuations parts; leading to the Lagrange density 
L{x) : 

L{x) = -^-^F^-lFl+^iiy^d^-m^ + e^Al)^ 
+ ^,(17^5^ - "1, + eY{A^, + + (c.t.) 

where the fields indexed by q describe the quan- 
tum fluctuations and (c.t.) are all necessary coun- 
terterms. At this level, we wonder why the terms 
— ^FFq and e\E'7'^A^^' are absent of the decom- 
position : there is of course no reason to drop 
these terms. Next, an effective Lagrange density 
is computed by perturbation in term of the elec- 
tromagnetic coupling: 

Leffix) = -i^^2+¥(z7^5^-mp)vl/ 

+ tr\n[Sp\x) ^V{x)] 

V{x) is arbitrary choosen to be the same than 
the potential which describes the propagation of a 
lepton in a classical external field [^, whereas the 
needed diagrams to get this potential are not per- 
mitted by the starting Lagrange density because 
of the absence of the term e'^j'^ Afj^'i/ . From there, 
the main argument is based on the fact that the 
difference of energy of the vacuum spectrum in 
presence of the proton can be transferred to the 
proton. This difference occurs because the virtual 
pairs are polarized along the proton path whereas 
these fluctuations are totally random in the ab- 
sence of the electromagnetic field of the proton. 
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According to the author, this difference acceler- 
ates the proton. In order to estimate this acceler- 
ation, he considers that virtual fermion pairs can 

be treated as bound states of size and den- 
am 

sity ^a^m^. At this point, the exphcit form of 
the Hamiltonian of such bound states (not well 
funded!) is not developped at all, and the com- 
pact pile of these bound states to estimate their 
density is rather surprising. Introducing a modi- 
fied relation of dispersion to take into account the 
energy gain responsible of the acceleration 

E + 5E= .^{p + dp)^ + ml 

the author finally obtains the numerical estimate 
of the energy gain (without loss of generality, we 
can consider a straight-line motion) 

SE Sv c-f 1 

— = -i- - 2.25 X 10^5- eVcm~^ 
ox 5t c 

However, quantum field theory is based on the 
theory of the relativity. The properties of the 
quantum vacuum must satisfy to a precise rela- 
tion with respect to the principles of Einstein's 
theory. Thus, in order to satisfy the principles 
of relativity, it is essential that the vacuum pos- 
sesses the properties required by the relativity, 
that is to say the vacuum must not distinguish 
inertial frames. If the force that the vacuum 
exerts on a particle moving with a uniform ve- 
locity is not zero, then the vacuum distinguishes 
an inertial frame with respect to a rest frame. 
Of course, quantum electrodynamics predict that 
this force vanishes. In general, this theory pre- 
dicts that vacuum fluctuations seen by two iner- 
tial observers are the same, simply because the 
vacuum is Lorentz invariant. The acceleration by 
the vacuum described in||l^ depends on the speed 
of the particle and so, doesn't preserve the prop- 
erties of the vacuum for any inertial observer. The 
model, which makes no sense from the starting 
Lagrange density, is not Lorentz invariant. 

To go a little further about this subject, let us 
consider now general motion in vacuum. Fulling 
and Davies have shown that the vacuum re- 
sists to any motion to take it back to a uniformly 
accelerated motion. The corresponding energy 
variation is radiated. Other remarkable works of 



Jaekel and Reynaud[lJ] point out that for a uni- 
formly accelerated motion, characterised by the 
acceleration 

where 



and T is the proper time satisfying dr^ = dx^ , 
the so-called Abraham-Lorentz reaction force, 
which is proportional to w'^, vanishes. Properties 
of quantum vacuum are therefore invariant for a 
set of transformations which include uniformly 
accelerated frames. These are the conformal 
transformations . 



5. A forgotten damping force to explain 
the cosmic rays spectrum? 

In another paper describing the energy losses 
with a damping force by vacuum polarization pT[ , 
a second author considers the propagation of pro- 
tons in the cosmic microwave background and 
thus evades our last critic about the impossibility 
of acceleration or deceleration in vacuum because 
of the introduction of a preferred frame. The au- 
thor calculates the energy losses by vacuum polar- 
ization in the same way used by Landau for the 
ionisation losses of a charged particle travelling 
in a continuous medium Even if the damp- 
ing force considered is caused by electric field of 
virtual pairs, his approach is classical, consist- 
ing in the introduction of a permittivity tensor 
of the gas of photons (the author assumes that 
the connection between polarization and permit- 
tivity was established by Baier and Katkov]!^). 
This approach allows him to consider QED vac- 
uum and matter in a unified point of view. After 
the resolution of the Maxwell equations mapped 
on what is usually done in a continuous medium, 
the author computes the final damping force : 

F - e^f{v^) 

where / is a function which contains the proton 
form factor. The numerical estimation shows that 
this force becomes essential in the energy range 
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between the knee of high energy cosmic rays spec- 
trum and the GZK cut-ofF [IQi^eV-lO^OeV]. Tak- 
ing into account this energy loss, these new nu- 
merical results allow the author to a new interpre- 
tation of the existence of the knee, a new expla- 
nation of the absence of a clear photoabsorption 
threshold in the spectrum of high energy cosmic 
rays, as well as the observed changes in the com- 
position of primaries in this energy range (when 
applied to iron nuclei). 

However, if this approach is made in the frame- 
work of the quantum electrodynamics as required 
(only the electric field of virtual pairs can cause 
this damping force), one observes that the com- 
putation of the damping force leads to an ex- 
pression of order 3, which is compatible with the 
interference term between lower order of inverse 
Compton scattering and correction with vacuum 
polarization and internal photon line in the per- 
turbation theory. In the incoherent gas of pho- 
tons, this process should lead to a correction 
to the lower order of the inverse Compton scat- 
tering between protons (or nuclei) and photons. 
This Compton interaction is known to lead to 
only a negligibly small energy loss in this energy 
range ||l5||. Therefore, this semi-classical approxi- 
mation doesn't seem applicable in this context. 

6. Conclusions 

Two recent ideas, proposed to explain the mys- 
terious absence of the GZK cut-off in the UHECR 
spectrum, have been discussed. We have shown 
that the first cannot account for the observed 
phenomenon as the first approach does not re- 
spect fundamental principles of relativity. The 
second is based on a semi-classical approximation 
which describes coherent effects and doesn't seem 
to be applicable in the context of propagation of 
UHECR. Consequently, the ultra high energy cos- 
mic rays fluxes remains a mystery that current 
generation of detectors will hopefully solve in the 
near future [16|. 



cussions, comments and careful read of the text. 
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